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Abstract
We calculate magnetic transition moments in the chiral quark-soliton model, with explicit SU(3)-
symmetry breaking taken into account. The dynamical model parameters are fixed by experimental
data for the magnetic moments of the baryon octet and from the recent measurements of Θ+ mass.
Known magnetic transition moments µΛΣ, µN∆ are reproduced and predictions for other octet-
decuplet and octet-antidecuplet transitions are given. In particular µΣΣ∗ recently constrained by
SELEX is shown to be below 0.82µN . The recent GRAAL data on η photoproduction off the
nucleon are explained in terms of a new narrow antidecuplet neutron-like resonance.
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I. INTRODUCTION
Recent discovery of the exotic Θ+ pentaquark state (uudds¯) by the LEPS collabora-
tion [1] and its further confirmation by a number of other experiments [2], together with
still unconfirmed observation of an exotic Ξ10 states by the NA49 experiment at CERN [3]
renewed interest in baryon spectroscopy. Experimental searches for these new states were
motivated by the theoretical prediction of the chiral quark-soliton model [4], where masses
and decay widths of exotic antidecuplet baryons were predicted. In fact, exotic SU(3) rep-
resentations containing exotic baryonic states are naturally accommodated within the chiral
soliton models [5, 6] and early estimates of their masses are given in Refs.[7, 8].
The findings of the pentaquark baryon Θ+ and possibly of Ξ10 have triggered intensive
theoretical investigations which are summarized in Refs.[9, 10]. Despite differences in the-
oretical models of pentaquarks it is by most theorists agree upon the fact that Θ+ is the
Y = 2, I = 0 member of the antidecuplet representation of SU(3) flavor and Ξ10 has Y = −1
and I = 3/2 and the lowest possible spin is 1/2. Models differ as far as parity is concerned,
where the chiral quark-soliton model (χQSM) considered here predicts positive parity. If so,
cryptoexotic nucleon-like and Σ-like pentaquark states that span the remainder of 10 should
also exist. These states most probably will mix with the nearby nonexotic excited three
quark states and with higher exotic states like the members of flavor 27-plet for example.
It is of utmost importance to decide whether these cryptoexotic states are the known reso-
nances of the particle data group (PDG) that were misinterpreted as three quark states or if
there exist new, possibly narrow resonances that eluded detection so far. A recent modified
partial wave analysis of πN scattering [11], a new GRAAL experiment on η photoproduction
off the neutron [12], and the preliminary STAR data [13] suggest that such new nucleon-like
states may indeed exist. In particular, the GRAAL data are consistent with the antidecuplet
interpretation [14] of the narrow peak around the mass 1670 MeV.
In the present work, we address the question of magnetic transitions which are relevant
for the interpretation of the GRAAL data. Recently, four of the present authors calculated
the magnetic moments of the exotic and cryptoexotic pentaquarks, within the framework
of the χQSM including chiral symmetry breaking effects due to the nonzero strange quark
mass in the so called model-independent approach [15].
Such an approach – introduced to our knowledge for the first time by Adkins and
Nappi [16] in the context of the Skyrme model – can be viewed from two perspectives.
Firstly, it can be considered as a QCD-motivated tool to analyze and classify (in terms of
powers of ms and 1/Nc) the symmetry breaking terms for a given observable. For nontrivial
operators such as magnetic moments or axial form factors a general analysis, without refering
to some specific model, is often virtually impossible. Secondly, it also provides information
for the model builders. It tells us what are the best predictions the model can ever produce.
Indeed, model calculations are not as unique as one might think: They depend on adopted
regularization, cutoff parameters, constituent quark mass, etc. On the other hand the suc-
cess of such an analysis gives a strong hint for the model builders that the model is correct
and worth exploring. In fact, this concerns all the hedgehog models which would give the
collective structure identical to the one of the χQSM including the Skyrme model. However,
for the simplest version of the Skyrme model, some of the parameters multiplying the group
theoretical operators are identically zero, whereas in the χQSM they do not vanish due to
the presence of the valence level.
The discovery of Θ+ and possibly of Ξ10 constrained certain parameters of the χQSM
2
that were previously undetermined. This new phenomenological input allowed us to revise
previous estimates of magnetic moments both for nonexotic [18, 19] and exotic baryons [20].
In particular, it turned out that magnetic moment of Θ+ is negative and rather sensitive to
the residual freedom which we parameterize in terms of the pion nucleon sigma term: ΣpiN .
In this paper, we extend the recent analysis of Ref.[15] from magnetic moments to mag-
netic transitions. Using the parametrization obtained in Refs.[15, 21], we show that the
χQSM reproduces well experimental and empirical data for the magnetic transitions µΛ0Σ0
and µN∆ and are rather insensitive to ΣpiN . We also calculate µΣ−Σ∗− and show that it
is consistent with a constraint obtained by the recent SELEX experiment [22]. Finally we
make predictions for µnn∗
10
and µpp∗
10
, where n∗
10
and p∗
10
are nucleon-like antidecuplet states.
In particular, we show that µpp∗
10
is small and almost independent of ΣpiN . On the contrary,
µnn∗
10
is large and depends rather strongly on ΣpiN . This feature allows us to explain the
recent GRAAL data on η production off the nucleon.
In the present work, we give explicit formulae for the magnetic transition moments and
discuss the corresponding numerical results and their phenomenological consequences, in
particular, in the context of the recent SELEX [22] and GRAAL experiments [12].
II. GENERAL FORMALISM
We first recapitulate very briefly the formalism of Ref.[15], where the details may be found.
The collective Hamiltonian describing baryons in the SU(3) χQSM takes the following form
[23]:
Hˆ =Msol + J(J + 1)
2I1
+
C2(SU(3))− J(J + 1)− N
2
c
12
2I2
+ Hˆ ′ (1)
with the symmetry breaking piece given by:
Hˆ ′ = αD
(8)
88 + βY +
γ√
3
D
(8)
8i Jˆi, (2)
where parameters α, β and γ are proportional to the strange current quark mass ms. Here
D
(R)
ab (R) denote SU(3) Wigner rotation matrices and Jˆ is a collective spin operator.
Taking into account the recent experimental observation of the mass of Θ+ the parameters
entering Eq.(2) can be conveniently parameterized in terms of the pion-nucleon ΣpiN term
(assuming ms/(mu +md) = 12.9) as [21]:
α = 336.4− 12.9ΣpiN , β = −336.4 + 4.3ΣpiN , γ = −475.94 + 8.6ΣpiN (3)
(in units of MeV). Moreover, the inertia parameters which describe the representation split-
tings take the following values (in MeV)
1
I1
= 152.4,
1
I2
= 608.7− 2.9ΣpiN . (4)
Equations (3) and (4) follow from the fit to the masses of octet and decuplet baryons and of
Θ+ as well. If, furthermore, one imposes the additional constraint that MΞ
10
= 1860 MeV,
then ΣpiN = 73 MeV [21] (see also [24]) in agreement with recent experimental estimates [25].
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Because the Hamiltonian of Eq.(2) mixes different SU(3) representations, the collective
wave functions are given as linear combinations [19]:
|B8〉 =
∣∣81/2, B〉+ cB10 ∣∣101/2, B〉+ cB27 ∣∣271/2, B〉 ,
|B10〉 =
∣∣103/2, B〉+ aB27 ∣∣273/2, B〉+ aB35 ∣∣353/2, B〉 ,
|B10〉 =
∣∣101/2, B〉+ dB8 ∣∣81/2, B〉+ dB27 ∣∣271/2, B〉+ dB35 ∣∣351/2, B〉 , (5)
where |BR〉 denotes the state which reduces to the SU(3) representation R in the formal
limit ms → 0. The spin index J3 has been suppressed. The ms-dependent (through the
linear ms dependence of α, β and γ) coefficients in Eq.(5) can be found in Ref.[15].
The magnetic moment collective operator can be parameterized by six constants that in
the model independent approach are treated as free [18, 19]:
µˆ(0) = w1D
(8)
Q3 + w2dpq3D
(8)
Qp · Jˆq +
w3√
3
D
(8)
Q8Jˆ3,
µˆ(1) =
w4√
3
dpq3D
(8)
QpD
(8)
8q + w5
(
D
(8)
Q3D
(8)
88 +D
(8)
Q8D
(8)
83
)
+ w6
(
D
(8)
Q3D
(8)
88 −D(8)Q8D(8)83
)
. (6)
Parameters w4,5,6 are of the order O(ms).
The full expression for the magnetic moments can be decomposed as follows
µB = µ
(0)
B + µ
(op)
B + µ
(wf)
B (7)
where µ
(0)
B is given by the matrix element of µˆ
(0) between the pure symmetry states
|RJ , B, J3〉, and µ(op)B is given as the matrix element of µˆ(1) between the symmetry states as
well. Wave function correction µ
(wf)
B is given as a sum of the interference matrix elements
of µ
(0)
B between pure symmetry states and admixtures displayed in Eq.(5). These matrix
elements were calculated for octet and decuplet baryons in Ref.[19] and for antidecuplet in
Ref.[15].
In Ref.[15] an overal fit to octet magnetic moments has been performed with input pa-
rameters given by Eq.(3). The resulting values for constants wi can be conveniently param-
eterized as follows:
w1 = −3.7357− 0.1073ΣpiN ,
w2 = 24.3698− 0.2146 ΣpiN ,
w3 = 7.547,
w4 = −5.1642− 0.1332 ΣpiN − (0.0304 ΣpiN)2 + (0.0321 ΣpiN)3,
w5 = −3.742,
w6 = −2.443. (8)
Interestingly only w4 is a nonlinear function of ΣpiN . The fit presented in Eq.(8) works well
for ΣpiN = 45 ∼ 75 MeV.
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III. TRANSITION MAGNETIC MOMENTS
A. General formalism
The transition form factors Fi(q
2) from the baryon antidecuplet to the octet are expressed
in the quark matrix elements as follows:
〈B8(p′)|Jµ(0)|B10(p)〉 = u¯B8(p′, λ′)
[
F1(q
2) + iσµν
qν
M8 +M10
F2
]
uB
10
(p, λ), (9)
where q2 is the square of the four-momentum transfer, and M8 and M10 denote the mass
of the baryon octet and antideucplet, respectively. uBi are the corresponding spinors. The
electromagnetic quark current Jµ is defined as
Jµ(x) = ψ¯(x)γµQˆψ(x) (10)
with the charge operator of the quark field ψ:
Qˆ =


2
3
0 0
0 −1
3
0
0 0 −1
3

 = T3 + Y
2
. (11)
T3 and Y are respectively the third component of the isospin and hypercharge given by the
Gell-Mann–Nishjima formula.
Similarly, the transition form factors from the baryon decuplet to the octet are defined
as [17]
〈B8(p′)|Jµ|B10(p)〉 = i
√
2
3
u¯B8(p
′, λ′)
[
G∗M(q
2)KMβµ +G∗E(q2)KEβµ
+G∗C(q
2)KCβµ
]
uβB10(p,Λ), (12)
where G∗M , G
∗
E , and G
∗
C are, respectively, the magnetic dipole, electric quadrupole, and
Coulomb form factors. The KM,E,C stand for the corresponding covariant tensors [17]:
KMβµ = −i
3(M10 +M8)
2M8[(M10 +M8)2 − q2]ǫβµλσP
λqσ,
KEβµ = −KMβµ −
6(M10 +M8)
M8∆(q2)
ǫβσλρP
λqρǫσµκδP
κqδγ5,
KCβµ = −i
3(M10 +M8)
M8∆(q2)
qβ(q
2Pµ − q · Pqµ)γ5 (13)
with
∆(q2) = [(M10 +M8)
2 − q2][(M10 −M8)2 − q2]. (14)
At q2 = 0 the transition magnetic dipole form factors F2(q
2) and G∗M(q
2) are identified as
the transition magnetic moments.
Since the magnetic dipole transitions (M1) are experimentally dominant over the electric
quadrupole transitions (E2) in hyperon radiative decays, one can neglect the E2 transitions.
Thus, we can express the partial decay width in terms of the transition magnetic moments.
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Using Eqs. (9,12) and neglecting the E2 transitions, we obtain the partial width of radia-
tive decays from the baryon antidecuplet to the octet and from the decuplet to the octet,
respectively:
Γ(B10 → B8γ) = 4αEM
E3γ
(M8 +M10)
2
(
µB8B10
µN
)2
,
Γ(B10 → B8γ) = αEM
2
E3γ
M28
(
µB8B10
µN
)2
, (15)
where αEM denotes the fine structure constant and Eγ is the energy of the produced photon:
Eγ =
M2
10(10)
−M28
2M10(10)
. (16)
In the present work, we are interested in the following transition magnetic moments (in
units of nuclear magneton µN):
µN∆ =
〈
N,
1
2
∣∣∣∣ µˆ
∣∣∣∣∆, 12
〉
, µΛ0Σ0 =
〈
Λ0,
1
2
∣∣∣∣ µˆ
∣∣∣∣Σ0, 12
〉
,
µΣΣ∗ =
〈
Σ,
1
2
∣∣∣∣ µˆ
∣∣∣∣Σ∗, 12
〉
, µΛ0Σ∗0 =
〈
Λ0,
1
2
∣∣∣∣ µˆ
∣∣∣∣Σ∗0, 12
〉
,
µΞΞ∗ =
〈
Ξ,
1
2
∣∣∣∣ µˆ
∣∣∣∣Ξ∗, 12
〉
, µNN∗
10
=
〈
N,
1
2
∣∣∣∣ µˆ
∣∣∣∣N∗10, 12
〉
. (17)
B. Analysis of experiments
The experimental value [26] is known:
|µΛ0Σ0 | = (1.61± 0.08)µN . (18)
The partial decay widths for ∆+ → p + γ are expressed in terms of helicity amplitudes
A3/2 and A1/2 for radiative decays [26]:
Γ(∆→ pγ) = E
2
γ
4π
M8
M10
8
2J + 1
[|A1/2|2 + |A3/2|2] (19)
=
E2γ
4π
M8
M10
8
2J + 1
[|M1|2 + 3|E2|2] (20)
where
A1/2 = −1
2
(M1 + 3E2), A3/2 = −
√
3
2
(M1 − E2) (21)
with the magnetic dipole (M1) and electric quadrupole (E2) amplitudes. Eq.(20) being used,
the empirical value of the µp∆+ can be extracted from the data for the helicity amplitudes
∆+ → p+ γ [26]:
A1/2 = (−0.135± 0.006)GeV−1/2,
A3/2 = (−0.250± 0.008)GeV−1/2 (22)
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and the ratio E2/M1 [26]:
E2
M1
= −0.025± 0.005. (23)
The extracted value for the p∆+ transition magnetic moment is approximately:
|µp∆+| ≃ 3.1µN . (24)
Note that the M1 transition amplitude [27] is related to the transition magnetic moment by
M1 =
e
2M8
√
M10Eγ
M8
(
µB8B10
µN
)
, (25)
where e is the electric charge. Putting Eq.(25) into Eq.(20), we eaily find that it is just the
same as Eq.(15).
Recently, the SELEX collaboration [22] has announced the upper limit on the partial
width for the radiative decay of Σ∗−(1385) (JP = 3
2
+
):
Γ(Σ∗− → Σ−γ) < 9.5 keV (26)
at 90% confidence level. Using Eq.(15), we can extract the upper bound for the Σ∗−Σ−
transition magnetic moment from the SELEX data:
|µΣ−Σ∗−| < 0.82µN . (27)
Since the radiative decay Σ∗− → Σ− + γ is forbidden in SU(3) symmetry [14, 29], the
pertinent magnetic transition moment provides us the measure of explicit SU(3)-symmetry
breaking.
The GRAAL experiment [12] indicated that a possible resonant structure with a narrow
peak at W = 1.67 GeV could exist in η photoproduction off the neutron, i.e. γn → ηn,
which was not found in γp→ ηp reaction. This resonant peak looks promising as a candidate
for the non-strange pentaquark baryon, though one should not exclude that it could be a
manifestation of one of known resonances such as D15(1675) [12]. If the observed peak
originates from the excitation of the pentaquark baryon n∗
10
, it is of great importance to
investigate the transition magnetic moments between the non-strange pentaquarks and the
nucleons, since their partial decay widths are proportional to |µN∗
10
N |2. Indeed, we will show
that the present results are compatible with the GRAAL experiment, assuming that the
observed peak is in fact interpreted as the non-strange pentaquark n∗
10
.
C. Parametrization of transition magnetic moments
The predictions for the matrix elements entering Eqs.(17) in the χQSM are given below.
As for the leading order (ms = 0), we obtain the following expressions:
µ
(0)
N∆ =
1
3
√
5
(w1 − 1
2
w2), µ
(0)
Λ0Σ0 = −
√
3
20
(w1 − 1
2
w2 +
1
6
w3),
µ
(0)
ΣΣ∗ = −
1
6
√
5
(Q + 1)(w1 − 1
2
w2), µ
(0)
Λ0Σ∗0 =
1
2
√
15
(w1 − 1
2
w2),
7
µ
(0)
ΞΞ∗ = −
1
3
√
5
(Q + 1)(w1 − 1
2
w2), µ
(0)
NN∗
10
= − 1
6
√
5
(Q− 1)(w1 + w2 + 1
2
w3). (28)
Let us note that both µ
(0)
Σ−Σ∗− and µ
(0)
pp∗
10
vanish in this order due to the charge factors Q = ±1,
respectively. As mentioned above, this is entirely due to the SU(3) flavor symmetry: The
χQSM provides a link between various reduced matrix elements expressed in terms of the
constants w1,2,3. Note that the transitions from the nonexotic baryon decuplet and the
octet states depend only on the combination w1 −w2/2 and therefore w1 and w2 cannot be
extracted separately in the zeroth order in ms. The deviation from zero of µ
(0)
Σ−Σ∗−, µ
(0)
Ξ−Ξ∗−,
and µ
(0)
pp∗
10
is entirely due to the symmetry breaking terms. Thus, these transition magnetic
moments will measure directly the strength of SU(3)-symmetry breaking in light baryons.
Let us also note that the ∆-N transitions do not depend on charge, which will be also true
for their ms corrections.
We find that the transition magnetic moments of Eq.(28) satisfy the following relations
based on pure SU(3)-symmetry:
µN∆ = −µΣ+Σ∗+ = −2µΣ0Σ∗0 =
√
2
3
µΛ0Σ∗0 = −µΞ0Ξ∗0 ,
µΣ−Σ∗− = µΞ−Ξ∗− = 0. (29)
which are the same as those in Ref. [29] apart from the relative signs. The sign differ-
ence arises from the different convention for the baryon states. In addition, the transition
magnetic moment µΛ0Σ0 can be expressed in terms of µΛ0 and µΣ0 :
µΛ0Σ0 =
√
3
2
(µΣ0 − µΛ0). (30)
The wave function corrections read as follows:
µ
(wf)
N∆ =
1
9
√
5
c27(w1 + 2w2) +
5
9
√
5
a27
(
w1 +
1
2
w2
)
,
µ
(wf)
ΛΣ = −
1
4
√
3
c10
(
w1 + w2 +
1
2
w3
)
− 1
12
√
3
c27
(
w1 + 2w2 − 3
2
w3
)
,
µ
(wf)
ΣΣ∗ =
1
18
√
5
c27(2− 3Q) (w1 + 2w2) + 2
9
√
5
a27
(
w1 +
1
2
w2
)
,
µ
(wf)
ΛΣ∗0 =
1
3
√
15
c27 (w1 + 2w2) +
2
3
√
15
a27
(
w1 +
1
2
w2
)
,
µ
(wf)
Ξ8Ξ∗10
= − 1
18
√
15
c27(7Q+ 2)(w1 + 2w2) − 1
9
√
5
a27 (Q− 1)
(
w1 +
1
2
w2
)
,
µ
(wf)
NN∗
10
=
1√
5
c10
[
5
48
Q
(
w1 − 7
2
w2 − 1
2
w3
)
+
1
8
(6Q− 2)
(
w1 − 1
2
w2 +
1
6
w3
)]
− 1
180
√
5
d27(Q+ 2)
(
w1 + 2w2 − 3
2
w3
)
− 7
144
√
5
c27(7Q− 4)
(
w1 − 11
14
w2 − 3
14
w3
)
, (31)
where we have used the relation d8 = −c10 [15]. Finally, the operator parts of the linear ms
corrections read
µ
(op)
N∆ =
1
108
√
5
(7w4 + 15w5 + 9w6),
8
µ
(op)
ΛΣ = −
1
180
√
3
(7w4 + 6w5),
µ
(op)
ΣΣ∗ =
1
108
√
5
((4− 3Q)w4 + 3(2− 3Q)w5 + 9Qw6),
µ
(op)
ΛΣ∗0 =
1
18
√
15
(2w4 + 3w5) ,
µ
(op)
Ξ8Ξ∗10
= − 1
108
√
5
[(8Q+ 1)w4 + 3(4Q− 1)w5 − 9(2Q+ 1)w6] ,
µ
(op)
NN∗
10
= − 1
54
√
5
(Q+ 1)w4 − 1
18
√
5
(2Q− 1)
(
w5 +
3
2
w6
)
. (32)
Looking at Eqs.(28,31,32), we find an interesting relation: Though the general expressions
for the transitions Σ∗ → Σ and Ξ∗ → Ξ look different, they turn out to be the same for
the negative charge Q = −1, i.e. for the transition magnetic moments Σ∗− → Σ− and
Ξ∗− → Ξ−.
IV. RESULTS AND DISCUSSION
Incorporating the parameterizations given in Eqs. (3) and (8), we obtain the numerical
results for the nonexotic and exotic transition magnetic moments, which are summarized in
Figs. 1–5.
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FIG. 1: ∆→ N transition magnetic moment as function of ΣpiN in the left panel and Σ→ Λ one
as function of ΣpiN in the right panel.
It was shown in Ref. [15] that the magnetic moments of the baryon decuplet are almost
insensitive to the ΣpiN term. Here we find that almost all transition magnetic moments
between the decuplet and the octet are very weakly dependent on ΣpiN . This can be easily
understood by Eq.(28): Aparently the leading-order terms are proportional to w1 − w2/2
whose dependence on ΣpiN vanishes according to Eq.(8). The ΣpiN dependence enters only via
ms corrections which are rather small. The Σ
∗− → Σ− and Ξ∗− → Ξ− transition magnetic
moments, which have only the non-zero values with SU(3) symmetry breaking terms, are
shown to depend mildly on ΣpiN . Moreover, these two transitions are exactly the same at
each order, as depicted in Figs 2 and 3.
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FIG. 2: Σ∗− → Σ− transition magnetic moment as functions of ΣpiN in the left panel and Σ∗+ → Σ+
one as functions of ΣpiN in the right panel.
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FIG. 3: Ξ∗0 → Ξ0 transition magnetic moment as functions of ΣpiN in the left panel and Ξ∗− → Ξ−
one as functions of ΣpiN in the right panel.
The linear ms corrections are almost negligible for the transition magnetic moments
µΣ+Σ∗+ and µΞ0Ξ∗0 , whereas they contribute to µN∆, µΣ0Λ0, and µΛ0Σ∗0 at around 20 %.
Since µΣ−Σ∗− and µΞ−Ξ∗− vanish in pure SU(3) symmetry, their values arise soley from the
effects of the SU(3) symmetry breaking. Thus, the linear ms terms become a leading-order
contribution in this case.
While the nonexotic magnetic transition moments are not sensitive to ΣpiN , the exotic
µnn∗
10
depends rather strongly on it. It is very similar to the situation in the case of the
magnetic moments of the baryon antidecuplet [15]. The reason lies in the fact that e.g.
µNN∗
10
is proportional to w1 + w2 +
1
2
w3. Thus, the terms with the ΣpiN in w1 and w2
interfere constructively, which makes µnn∗
10
to have approximately linear dependence on ΣpiN ,
as shown in Fig. 5. On the contrary, the transition magnetic moment µpp∗
10
has non-zero
value only at the linear ms order. Thus, its ΣpiN dependence arises from the ms corrections
and is rather weak. Another interesting point is that the wave-function contribution (µ(wf))
10
45 50 55 60 65 70 75
ΣpiN
−3.0
−2.0
−1.0
0.0
1.0
µ
Λ
Σ
∗
0
µ
(0)
ΛΣ∗0
µ
(wf)
ΛΣ∗0
µ
(op)
ΛΣ∗0
µ
(total)
ΛΣ∗0
.........................................................................................................................................................................................................................................................................................................
.................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................
.....................................................................................................................................................................................................................................................................................................................................................................................
FIG. 4: Σ∗0 → Λ transition magnetic moment as functions of ΣpiN .
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FIG. 5: p∗ → p transition magnetic moment as functions of ΣpiN in the left panel and n∗ → n one
as functions of ΣpiN in the right panel.
and the operator one (µ(op)) almost cancel each other, so that the linear ms corrections for
octet-antidecuplet transitions turn out to be negligible.
In Table I the numerical results for the transition magnetic moments of the nonexotic
and exotic baryons are listed for three different values of the ΣpiN in units of µN . Those for
µN∆ and µΛ0Σ0 are in a very good agreement with the experimental data. As seen in Eq.(27)
in the previous section, the upper bound for µΣ−Σ∗− extracted from the upper limit for the
partial decay width of the SELEX experiment is around 0.82µN . Compared to this, the
present prediction for µΣ−Σ∗− lies definitely in the allowed region for all reasonable values
of ΣpiN . As already mentioned, the value of µΞ−Ξ∗− coincides with that of µΣ−Σ∗− even with
the explicit SU(3)-symmetry breaking considered.
In Table II we list the numerical values of the partial decay widths for the radiative
decays of exotic and nonexotic baryons in units of keV. In the last column of Table II the
ratio of the partial decay widths n∗
10
→ n + γ and p∗
10
→ p + γ is given. Note that this
11
ΣpiN [MeV] µN∆ µΛ0Σ0 µΣ−Σ∗− µΣ+Σ∗+ µΛ0Σ∗0 µΞ0Ξ∗0 µΞ−Ξ∗− µpp∗
10
µnn∗
10
50 −3.06 1.54 −0.44 2.25 −2.54 2.25 −0.44 0.12 0.56
60 −3.16 1.58 −0.50 2.21 −2.63 2.24 −0.50 0.08 0.33
70 −3.31 1.64 −0.59 2.17 −2.74 2.23 −0.59 0.04 0.11
TABLE I: Transition magnetic moments of the nonexotic and exotic baryons in units of µN . The
experimental value for µΛ0Σ0 is: (1.61 ± 0.08)µN . The empirical value for |µN∆| is approximately
equal to 3.1µN .
ΣpiN [MeV] ΓN∆ ΓΛ0Σ0 ΓΣ−Σ∗− ΓΣ+Σ∗+ ΓΛ0Σ∗0 ΓΞ0Ξ∗0 ΓΞ−Ξ∗− Γpp∗
10
Γnn∗
10
Γnn∗
10
/Γpp∗
10
50 672 5.37 2.72 76.0 266 87.5 3.05 11.5 250 21.67
60 717 5.65 3.51 73.3 285 86.8 3.94 5.12 87.2 17.02
70 786 6.09 4.89 70.7 309 86.0 5.48 1.28 9.69 7.56
TABLE II: Partial decay widths for the radiative decays of exotic and nonexotic baryons in units of
keV. The last column stands for the ratio of the partial decay widths n∗
10
→ n+γ and p∗
10
→ p+γ.
sort of partial decay width is proportional to |µ∗NN
10
|2. The ratio is consistent with the
finding of the GRAAL experiment [12] which has seen the narrow peak around 1.67 GeV in
η photoproduction off the neutron but not for the proton target. If one assumes that the
decays of p∗
10
→ pη and n∗
10
→ nη are identical, it indicates that the transition magnetic
moment µ
nn∗
10
must be sizeably larger than µ
pp∗
10
. Indeed, the present work predicts that the
partial width for the radiative decay n∗
10
→ n + γ is 8 ∼ 22 times larger than that for the
p∗
10
→ p + γ. Note that a recent work [30] in a diquark picture draws a similar conclusion,
though it predicts that the partial decay width for the neutron channel is just four times
larger than that for the proton one.
V. CONCLUSION AND SUMMARY
In the present work, we have investigated the transition magnetic moments from the
baryon octet to the decuplet and from the proton and neutron to the pentaquark nucleons
of the antidecuplet. We used the the model-independent approach within the framework
of the chiral quark-soliton model, thereby taking explicit SU(3)-symmetry breaking into
account. The parameters of the approach are fixed by the octet magnetic moments, octet
masses, and the mass of the Θ+, where the residual freedom is parametrized by the pion-
nucleon sigma term, ΣpiN . The results for µN∆ and µΛ0Σ0 are in good agreement with the
experimental and empirical data. The transition magnetic moment µΣ−Σ∗−, which has only
a non-zero value due to explicit SU(3)-symmetry breaking, is found to be below its upper
bound extracted from the SELEX data [22]. We predicted also the value of µΞ−Ξ∗− which
turned out to be the same as that of µΣ−Σ∗−. The measurement of these magnetic transitions
can be possibly done within the SELEX program.
The transition magnetic moment µnn∗
10
turns out to be rather sensitive to the value of ΣpiN
due to the constructive interference of the parameters w1(ΣpiN) and w1(ΣpiN). The µpp∗
10
has
a non-vanishing value only due to the explicit SU(3)-symmetry breaking, so that its value
becomes very small in comparison with that of the µnn∗
10
. As a result, the present predictions
12
for the transition magnetic moments µpp∗
10
and µnn∗
10
are consistent with the recent GRAAL
data on γp→ ηp and γn→ ηn. This supports the view that the peak seen in the GRAAL
experiment corresponds to a neutron-like pentaquark resonance of the antidecuplet.
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